four are all Giardia-specific genes (not found in other eukaryotes including other 1 0 7
Excavata species), which thus most likely emerged after the divergence of Giardia introns also arose in both the ancient and relatively newly evolved genes; 2) the 1 2 4 pressure of intron loss seems to constantly exist in the whole evolutionary process of 1 2 5
Giardia, but only a few of both the ancient and newly-emerged introns have been 1 2 6 retained in the genome. To find the reason why these few introns can be retained in Giardia genome under 1 2 8 strong pressure of loss, we investigated the characteristics of these introns in many also showed that there were not any reports about alternative splicing of the two 1 3 6
introns in genes GL50803-15525 and GL50803-86945 [18, 22] . Taken together, these 1 3 7 7 results suggest that the retention of the few introns seems to be neither due to the 1 3 8 structural features nor necessarily due to the functional importance of these introns. Interestingly, on the complementary strands, we found that two intron-containing The strand-specific RT-PCR of the two antisense genes, GL50803-28204 and 1 5 0 GL50803-20429, generated two products with the expected lengths of 172 and 288 bp,
respectively. The sequencing further confirmed that the two products just seem to be 1 5 2 transcribed from the opposite direction of the two sense (intron-containing) genes, The RACE of the two antisense genes generated a 1232 bp product for 1 5 7
GL50803-28204 and a 1177 bp product for GL50803-20429. After sequencing and Giaridia-specific non-coding genes. To investigate the reasons for the evolutionary retention of the few introns in the To explore how these few introns can be retained under the constant strong pressure 1 7 8 of loss. First, we investigated whether there exist some features in these few intron-containing genes and the introns probably responsible for the retention, but 1 8 0 failed to find any special regularities or unusualnesses in many aspects such as with the fact that so many introns, at least part of which definitely possesses important the retention might lie outside the intron-containing genes and the introns themselves. Interestingly, we noticed that on the complementary strands of two of the eight 1 8 8
intron-containing genes, GL50803-37070 and GL50803-17244, there exist 1 8 9 correspondingly two anti-sense genes, GL50803-28204 and GL50803-20429, though 1 9 0 they are just annotated as "product unknown" in GiardiaDB. By strand-specific 1 9 1 RT-PCR, RACE and sequencing, we got the transcripts and sequences of the two 1 9 2 genes and found they both have no introns. Thus the two anti-sense genes have been 1 9 3 verified to be really genes that are actively transcribed. And actually the anti-sense 1 9 4 gene GL50803-20429 has been reported to be a mRNA gene being expressed during 1 9 5 excystation and encystation, and in trophozoites but not cysts [23] . As for the other 1 9 6
anti-sense gene GL50803-28204, it has a quite short putative ORF but has no with genomic data exhibit significant similarities (≥ 83.9% similarity) to those of the Polymerase to add a poly(A) tail at the 3′ends before we performed rapid for, our work showed that they are functional genes and form SAS gene overlap with 2 1 2 their intron-containing sense genes, and that the introns just reside in the overlap thus such a kind of SAS gene overlap must have prevented the introns from being 2 1 7 lost.
1 8
As for the other six introns, we did not find any ORFs on their corresponding 2 1 9 complementary strands. Although we also experimentally examined whether their 2 2 0 complementary strands (especially the areas overlapping with these introns) are 2 2 1 transcribed, no transcripts were found (Additional file 2). Nevertheless, it is uncertain 2 2 2
whether the corresponding complementary strands of these introns are resided by true, these introns are also retained by the same cause as the former two ones. Certainly, it is also possible that the six introns are retained by other unknown reasons.
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We have also analyzed the intron regions of many intron-poor eukaryotes including 2 2 7
Microsporidia, Trichomonas, Spironucleus, but unfortunately did not find such 2 2 8
sense-antisense gene overlaps as in Giardia (data not shown). But considering some 2 2 9
genes overlap with the UTRs of the adjacent genes (as found in Antonospora locustae 2 3 0
and Encephalitozoon cuniculi [25]), we can not obtain the UTRs information of those 2 3 1 genes in current database, thus many of the overlaps might be able to be found out. that few SAS gene overlaps in intron regions that can be identified at present. Theoretically, overlapping with any genomic functional elements on either the 2 3 8 same strand or the complementary one (namely, either same-strand overlapping or were used as queries to search their homologs with Blastp against the NCBI Giardia's corresponding sequences as queries. Protein alignments were generated 2 7 8
with ClustalX 2 applying default alignment parameters. The introns in the genes were intron-containing genes with annotated as hypothetical protein also identified by 2 8 1 sequence comparative analysis to determine whether they are Giardia-specific or not. The cell line of WB isolate (assemblage A), namely WB clone C6 (ATCC 50803), 2 8 4 was used in the study. Its cultures were routinely grown in filter-sterilized TYI-S-33 2 8 5 medium supplemented with bovine bile in glass screw cap tubes at 37 °C and were 2 8 6 sub-cultured every 3 to 4 days. Giardia total RNA was extracted and treated to remove any contaminated genomic 
